The benefit of glucose polymer ingestion in addition to 2.5 per cent glucose before and during a prolonged orienteering competition was studied. The final time in the competition in the group ingesting 2.5 per cent glucose (group G, n=10) was 113 min 37 s±8 min 11 s, and in the group which had additionally ingested glucose polymer (group G+GP, n=8) 107 min 18s±4 min 41 s (NS). One fifth (21 per cent) of the time difference between the two groups was due to difference in orienteering errors. Group G+GP orienteered the last third of the competition faster than group G (p<0.05). The time ratio between the last third of the competition and the first third of the competition was lower in group G+GP than in group G (p<0.05). After the competition, there was statistially insignificant tendency to higher serum glucose and lower serum free fatty acid concentrations in group G+GP, and serum insulin concentration was higher in group G+GP than in group G (p<0.05). Three subjects reported that they exhausted during the competition. These same three subjects had the lowest serum glucose concentrations after the competition (2.9 mmol.1-', 2.9 mmol.1-', 3.5 mmol.l-') and all of them were from group G. It is concluded that glucose polymer syrup ingestion is beneficial for prolonged psychophysical performance.
Introduction
Orienteering is a sport in which the orienteer has to find his way through unfamiliar terrain from one control (checkpoint) to another with a map and a compass. The result of a competition thus, in addition to physical capacity, also depends on the level of planning and other orienteering skills as well as on the ability to maintain the concentration level. In top level orienteers the 02 consumption and heart rate are quite even and about 90 per cent of the maximal capacity during competitions"2. Throughout a long competition, both the heart rate and the blood lactate concentration are higher than the anaerobic threshold determined in laboratory conditions2. The high heart rate during an orienteering competition may be explained by central stimuli3 in addition to the loading of several different muscle groups at the same time with uneven rhythm when running in difficult terrain.
Dietary carbohydrates and fluids during prolonged endurance exercise enhance performance. The two most important factors limiting prolonged, strenuous exercise are believed to be dehydration and depletion of muscle glycogen stores. During prolonged exercise a muscle can increase its net blood borne glucose uptake 10-to 20-fold above the resting value4. Decrease in blood glucose concentration and simultaneous decrease in prolonged physical performance level are observed, although the primary factors limiting performance are not known exactly5. The effect of lowered blood glucose levels on performance level in skill sports through inadequate nutrition of the brain is also discussed6. Glucose is the major energy source for the brain7. The brain cannot store this carbohydrate, which means that the cerebral metabolism is critically dependent upon freely circulating ambient blood Flucose in order to maintain normal neuronal function .
Gastric emptying is controlled for example by osmoreceptors in the duodenum9. Gastric emptying rate seems to be the primary limiting factor in delivering water, carbohydrate, and minerals to the body10, hyperosmolalic solutions being unfavourable. Glucose polymers appear to be favourable because their osmolality is low, while high amounts of carbohydrates are delivered into the intestine. However, on the basis of recent studies, there is some disagreement whether carbohydrate feeding during prolonged exercise enhances performance by preventing the depletion of muscle glycogen stores1' 12. The greatest volume of the repeated bolus and its greatest carbohydrate concentration than can simultaneously deliver fluid and enhance performance is not known"3. There is also wide individual and also in other responses to fluid and substrate administration.
In 1986 there were 3151 ranked orienteers in the male open class in Finland. We have analyzed the fluid and carbohydrate use of orienteers in the Finnish Championships and found it to be below the theoretically optimal level. The aim of this study was to analyze the benefit of more abundant energy and fluid ingestion than is commonly used before and during orienteering competition (prolonged psychophysical performance) by using glucose polymers.
Subjects and methods
Eighteen male top level orienteers volunteered as subjects for this study and gave their informed consent ( Table 1 ). The subjects were ranked between 4 and 157 in the Finnish ranking list, based in success in orienteering competitions during previous months. The orienteers were randomly divided into two groups. Ten orienteers (group G) ingested before and during their competition a total of 900 ml of 2.5 per cent glucose according to a given schedule ( Table 2) . Eight orienteers (group G+GP) ingested 900 ml of 2.5 per cent glucose solution and additionally 400 ml of glucose polymer syrup ( Table 2 ). There was no significant difference in the mean of the ranking positions between the groups. Hence it was possible to obtain two groups of the same performance level for this study. All subjects orienteered the same course, which was 16 000 metres long when measured from one control to another. The course had 24 control points and consisted of three different parts ( Figure 1 ). During the days preceding the study competition, the subjects had a normal Finnish mixed diet; none of the subjects underwent special carbohydrate loading.
In the morning before the competition, the subjects had a normal mixed light breakfast according to their own habits, but including no more than 500 ml of fluids.
Statistical differences were tested using the MannWhitney U test and X2 test.
Results
One subject from both groups suffered from gastrointestinal symptoms which lowered his performance. On the basis of subjective opinions, three subjects in group G and none in group G+GP reported feeling exhausted during the competition.
There was no time difference between the groups in the first third of the competition, but group G+GP ran the last third in a shorter time than the control group G (p<0.05), (Table 3) . About one fifth (21 per cent) of the total time difference between the groups was due to difference in orienteering errors observed ( Table 3 ). The sum score of the errors during the last third of the competition was 1.8±2.1 in group G and 1.4±1.3 in group G+GP (NS). The time ratio between the last third of the competition and the first third of the competition was lower in group G+GP than in group G (p<0.05), (Table 3) .
After the competition, the serum insulin concentration was higher in group G+GP than in group G (p<0.05), (Figure 2 ). An insignificant trend to higher serum glucose and lower serum free fatty acid concentrations were correspondingly observed (Figures 3  and 4) .
The lowest glucose concentration after the competition in group G+GP was 4.8 mmol.l-', while in group G there were two subjects with a glucose concentration of 2.9 mmol.lP and one subject of 3.5 mmol.l'.
These three subjects orienteered the last third of the competition proportionally more slowly than the mean of group G, and they were also the same subjects who reported that they had become exhausted during the competition.
Discussion
Our study scheme was not assessed to be theoretically optimal with reference to fluid and energy ingestion, but the practical possibilities in an orienteering competition has to be taken into account. For example, the ingestion of carbohydrates 45-15 minutes before exercise, which is common in orienteers, is not recommended because it can cause hyperinsulinemia followed by hypoglycemia'5. In our study, pre-exercise carbohydrate ingestion did not cause significant decrease of endurance capacity in group G+GP when compared to group F ( Table 3 ). The group G+GP was drinking 200 ml of a 2.5 per cent glucose solution and 100 ml of a 67 per cent carbohydrate solution at each time point except for one. This effectively gives 300 ml of a carbohydrate solution with a carbohydrate content of 24 gm/100 ml. On the basis of laboratory experiments, such a solution should be emptied reasonably rapidly from the stomach and should be reasonably well absorbed by the small intestine'.
There seems to be a more significant difference between the groups in the final results of the orienteering competition than in similar studies demanding only physical performance capacity'2, although a dif- There is always a problem in attempting to compare the performance of two different subjects. Because we can also compare the results of the last and the first thirds of the competition within both groups, we can exclude the possibility that the time differences between the groups are solely due to groups selection. The number of orienteering errors did not significantly differ between the groups, and the group difference in the time lost due to orienteering errors accounted for only one fifth of the total time difference between the two groups. We suggest that top level orienteers can concentrate and avoid making serious errors even when the brain is working on limited glucose. Thus one possible explanation for the significant difference between the results can be attributed to better nutrition of the brain. This is also in agreement with the fact that those subjects whose blood glucose concentrations were lowest at the finish subjectively became exhausted and objectively had longer elapsed times during the last third of the competition. This theory also agrees with other earlier studies in skill sports but more studies are required6.
It has been suggested that, when the initial glycogen levels are elevated, carbohydrate ingestion during exercise does not result in a significant saving of muscle glycogen or performance improvement during a two-hour exercise period". We suggest that adequate carbohydrate ingestion using glucose polymers during long competitions is beneficial. In addition to increasing performance level, the use of glucose polymers might also hasten recovery, which is supported by a smaller decrease in S-Ins concentration, and also by a smaller increase in the plasma vasopressin concentration in group G+GP than in group G (p<O.OO1), which was recorded in the association with this study'6. We did not measure muscle glycogen concentration, because taking the samples would have significantly disturbed the performance of the subjects in our study schedule, a fact we discovered in our pilot study.
We conclude that the ingestion of glucose polymer with 2.5 per cent glucose solution as one alternative in carbohydrate feeding during high level prolonged psychophysical performance is well tolerated and beneficial. On the basis of our study we recommend that more refreshment controls be provided in orienteering competitions.
